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(54) MULTIBRANCHED TYPE POLYALKYLENE OXIDE POROGEN, ITS PRODUCTION METHOD AND LOW 
DIELECTRIC INSULATING FILM USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multibranched type 
polyalkylene oxide porogen and a low dielectric insulating film using it. 



SOLUTION: The multibranched type polyalkylene oxide porogen is 
represented by formula (I): D-(Y-W)1 [wherein, W is a specific side 
chain and bound to a specific center molecule D through a specific 
group constituting Y] having a structure in which a straight-chain, di- 
branched or tetra-branched type side chain (W) is bound to the 
center molecule (D). The insulating film is produced by coating a 
solution containing the porogen represented by formula (I) and a high 
heat resistance resin such as polysilsesquioxane and performing a 
heat treatment and a thermal decomposition of the porogen. The film 
has low non-dielectric constant due to the presence of a fine pore. 
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R 




— ^ >s tc. 


£2fe01 : 
25 




o 


95% 


5£Jttfi: C, 53.20; K. 8.97 
ttMI: C f 63.23; H, 8.73 


26 




O 


75% 


l?fifefiS: C, 51. B9; H, 8.50 
UJCfl: C. 52.04; H, 8.34 


z/ 


V. (OCH I CH 1 X- OCHj 


69% 


£!*[*: C. 53.35; H, 8.99 
tWIt: C, 53.75; H. 8.82 




N- (0 CH 1 CP i >,-OCH 


714 




C, 53. ID; R, 8,71 
C, 53.17; H, 8.56 


g&w i 

29 ' 


RV>— J OR* 


o 

- il — CH/J— (CH^CH/JCh-t-H ; 






C, 53,30; 8.34 
C, 52.45; H, 8.25 


30 


o 

n=7.2 M.-3S0 


75% 


Sttlft < 
it**: 


C, 53.23; H. 8.70 
C, 53.32; H. 8.63 

C, 53,fi5; H, 8 92 
L. 53.91^ H, 


31 


O 

-U- CH/V- CCHjCHjOl,- QCH 


764 


tt»t: 


32 


^- (OCHiCHiX-OCH, 
j*-?2 Mft-lJO 


65% 




C, 53.88; H, 8,90 
C, 53.91; H. 8,88 


33 


f? W"H_f~*M-.^, I'I'VJ. 

JLcH I OCK i -^ tOCHlLH^) ^ Ut " , 


61% 


ttittt 


C, 53.35; H, 8,80 
C. 53,441 H, 8.68 




OR* | — OR? 
R*D — 1 OR 1 


O 


72 * j Hit* 


C. 50,11: H, 8,01 
: C, 50.82; H, 7.91 


35 


0 

CHjO^CCHjCHaOk- OCH 
t^7 2 Vto-350 


70% 




; C, 52.39; H, 8.50 
4 0, 52*38: H. 8.43 


36 


0 

-U- Cfi^CCHaCHaOV- OCH 


75* 




: C, 53.42; H, 8.83 
: C. S3. 43; 11. 8.78 


37 


MOCH 2 C*,VOCttj 
Un-3S0 


53% 


*t*f± 


: C> 53,47; H» 8,89 
: C. 53.68: H, 8.82 


3S 






60% 


f+Jtfl 


: C, 52,98; H, 8.60 
: C. 53.04; H. 8.57 



[0 0 3 7] 



[ffc3 7j 



COOH 



KMP/h Jl/XV 



O 



!■: - 



[00 3 8] £0 5 0 0111177X31:1, 3, 5-^ 
><&>hVf])l'&>&(Q.05 mol r 10.356 gh h 
Uyyij3-;W^X-- r;l/(0.18 mol. 29.56 g). 

0mlONMP®iDU^»Lf: c COiS^tcl 
5 0 m 1 cd h;l/X>3&Atift« 1 2 0 "CTjEfESHiatf 
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25 



26 



'H NMR(CDCh) 6 (ppm) 3.36(s. 9H) . 3.53(m> 6 .07H) . 
3.68(m. 18. ZH). 3,87(m, 6 .22H) , 8.8(s, 2 .73H) ; ft 
fKfrflrS&fit : C , 55 .87% ; H , 7 .52% (flifeffi : C ( 55 .5 
5%; B, 7.46% 



[0 0 3 9] 9-4 8 

[SE5] 



E£5* 




OR 






39 


COOR 


-(pCHjCH&QCH, 


251 


: C, 55.87; H, 7.32 
ft#fi: C, 55.55; H, 7.46 


40 


-0-(CHaCHi03L-CH 
r*I6.3 Mn-730 


82* 


^fcfli: C, 54.77: H. 8. SO ■ 
ftltfi: C t 54.81; H„ 8.69 j 


41 


rt ^{OCHjCHaX-OCH 
V tOCHaCBsX- CCHi 
n-7.J Mn-350 


76* 


9g8«: C, 54.79; H, S.75 £ 
ttJt^: C, 54.81; R 8.69 


42 


- CXTK*— f 


75* 


^ertt : c, 54.95; u. 8.35 : 

C, 55.03; H, 8.31 


i 
i 

43 


_ (OCHiCH^OCHj 
- OCH -Y" (OCHiQWkCll, 

(OCH^HoJtOCH! 




ftJtfi: C, 55,27; H. 8.82 


44 

i — 

: 45 


CII 3 COOK 
OOC CH» 


— O- (CH jCHPJu- CH 
r-7.2 Mn=350 


Bl* 


SSJttffc : C. 55,80; H, 8,93 
ft**: C. 55.87; H T 8.88 x 


r-14) Mn-730 


S3* 


C. 55.20; H. 8.98 
Vi*$k\ C. 55.21; H ( 9.02 


46 


n-T.2 


75* 


SBfii: C, 55.15; H, 9.10 - 
ttJUffi: C, 55.21; H, 9.02 


47 


-OCH 5 -< (OCH ^ OCH ' 
^(OCHaCH^- OCH 

ft-7.2 Mn-350 


71* 


KKflt: C, 55.66; H, 8.97 
StJtflt: C, 55,21; K, 9.02 


48 


-rrH-T 0 COCHiCH^OCH, 
" 1 V. Q X" (OCH^CH^OCHj 
COCHjCH^OCH, 


56* 


^B&ftfc: C, 55.43; K, 9.20 
ttJMt: C. 55.61; H, 9.11 



[0 0 4 0] [ft3 8] 




o 

II 0 



Ctf<OCH 2 CH&CH NMP/hJt,*v CHpCCHaCH^ 



k a b a t nmp^5% ffittfgfts ^ e± ^ < mm 

ft&fcfcfn^U^ hK (1 Omol) ^MJx^l/y^ 




COCHjCH^lpCH, 



50 



y7sl\>*>m (0, 1 g) ^NMP (5 Om 1 )fciSrt»L 
^( 1 0 Orn 1 )*ftDA, 1 2 0"CT*tf£J«Lft<ft* 
K-&W*6hAx>*B»SL, NMPt«aiBT»S 
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27 



28 



7EiB#fir = HS£fS C 54 .60%; H 7.38% (ZIttHI C 54.41 
%; H 7.4596) 



[0 0 4 2] *5WJ4 9-6 0 





Tttn^i/ OR 






49 




73% 


n&fe : C 54.60*; ti 7. 38* 
ttSMt; C 54.41*; H 7.45* 


50 


°° c ^2^- cooR 

ROOC COOR 


-O- fCH 2 CHpV-CH 

r=UV2 Mn=7» 


70% 


SPffi: C f 53,35; H, 8.99 
*t*!i: C. 54.25; H 8,85 


51 


^-(OCHvCHiV-OCHj 
tt-7.2 Mn-350 


561b 


^JWtt : C. 54.21; H, 8,93 
mtfc: C. 54.25; H. 8,85 






59* 


mSitiL: C, 53.93; H, 8.68 


53 


000 COOR 


tt-16.3 Mfl-7S0 


65% 


C> 54.68; H, 8.85 
ItKiII- C, 54,74; H, 8. 80 


54 


_ Q WOCHjCH^-OCH 




£M: C, 54.63; H, 8.83 
tfMl: 54.74; H. 8.80 


55 


V-tOCHiCKi^- DCH 
n-7.2 Mn-350 


60% 


C. 54.66; H. 8.90 
tf»tt: C. 54.74; H, 8,80 


56 


-OCH^^ COCH!CHj3 ° CH ' 
' \^ (OCH.CH^OCH, 

^^-fOCHjCK^OCHj 


44* 


C, 55.15; K. 8,87 

itim: c, 55.20; h, 8.93 i 


57 


OOC^^OOOR 
OOCT^^COOR 


Mft=7J0 


75* 


C, 54.45; H t 8.83 
*t*fl: C, 54,50; It. 8.70 


58 


n=T,2 V.n=JSD 


62* 


£M£: C, 54,42; H. 8.76 
MMfc: C, 54.50; 8.70 


59 


r-7 2 Mrv-350 


67* 


^JBfi: C, 54.46; H, 8.81 
«»*: C, 54.50; H. 8.70 


60 




32* 


C, 54,93; H r 8.87 
tfJJffl: C, 54.99; fl, 8. 82 



[0 0 4 3] Cft3 9] 



Wa=3>3 




O 

6CO-OR 



[0 0 4 4] tfU (x»U>^ij3-;M ^f/bx-f >(THF. 20Dml), 3 5 g«0*Ux^I/>i7>j3^Wf 

- ;l/^r ^ PVrzJk (PEGMCIlg^ ;Vx-f /K^S 3 5 0 ) i: 1 9. 4 5g<Dl, 1- 

ffi^B. iaKth*3±tfja["F«««:«*ft I 0 0 0ml *^*=*S/>r5^/-;HtadL, BJR»BfltTTf4 
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29 



30 



fc* * U/ > £ fiMtt 5 % CO N a O H 7kS«T 3 0 

ic*>fct>Tfflmu aft^^uvs»*Mg so4 

ft* XSRISLT3 5. OgOPEGMC I*SiSLfc 
(®7 9%) c 

'H-NMR (300MHz, CDCh) 5 (ppra) 8.14(s. NCHNCQ, 1H) . 

7.44(s. NCHCHNCO, 1H) , 7,07{s. NCIICHNCO , 1H) , 3.6 
6—3.86(10. Q CK2CK2Q , 28 ,8H) . 3.52{S, 0CH3. 3H) 

[0 0 4 5] P E GMC 1 fr5#ny><p'&fig 
Vm*m, a*W*J:lfSIT*B*ll*ft 10 00ml 
^HOHPy'^XntCN aT*a»LfcTHF (15 0m 



bKD^7xz;l/X^ (3. 0 6g) **4nU S 

t*tTHF4»£U *ffc**-l'>'fcMIfc5%<DN 
aOH*J8»T3EllCtoftoT»aiU ttlBLfdBffcy 

fee 

[0 0 4 6] 1-73: tS^— >a 

bu IH^Sa^J 5 S b <}: -3 * * — ^ a CSlc £ 
9. >CO«7IC35VrJ:9a:4«ny>«$Abft« 



IS ft 




OR |m 






Ufa 

-rc°-€^-r@^ oco " R 

OCO-R 


-O-tCHjCHiPl^CH 


£t*<* : C> 53.02; ft, 7.86 
IUMI: C. 53.07. ft, 7.79 


62 


— O- (CHjCH^Oi* CH 

n=16.3 Wt*750 j 68% 


SKffi: C, 56.40; H „ a. 42 
trUtt: C, 56.47; H, S.39 




r.-72 Mt-350 


C, 53.39; H, 8.44 
tt-IUBt: L\ 55.47; H. 8.39 


64 


'^"wOCH^CHj)*- OCH 
n=7 2 Mn=350 


65ft 


mtt: C. 55.40: H, 8.42 
trJta: C, 56.47; H, 8.39 


65 


(OCHaCH^OCH, j 


53* 


C, 56.60'. H. 8.58 
»H«: C, 56,71; H, 8. to 


66 


rcco^. ocok 




77* 


^ISflS: C, 53.16; K 3 8.7/ 
ttJHI: C, 53,20i It, 8.72 


67 




70% 


Sttfi: C, 53.17; K, 8.79 
»«: C, 53.20; K, 8.72 




roco^ ^oco* 


^-(OCHjCH^-OCH 


66% 


Ci 53.10; H, 8,7y 
Wt«: C. 53.20; H. 8.72 


69 


/'°^~(OCHiCHi)iOCH t 

V, <och»chaoch, 


50% 


S^ffi: C, 53.76; II. 6.93 
tt«a: C, 53.83; H. 8.85 


70 


COCHj 
•OCO^^ OCO-R 

OCO-R 


-o-tcHjCHsO^cn 

n»I6.1 Mn-750 


80% 


SttfS: C, 53.74; H. 8.49 
tflttt: C, 53. 7€; W t 8.45 


71 


V-^OCHiCHj^i-OCH 
lt»7 2 Mr»=J50 


73% 
1 


C. 53.72; H, 8.48 
C, 53.78; H, 8.45 


72 


r.-7.2 Mn-350 


r 

: 73% 

'' 


: C, 53,72; H, 8.46 
ir*tt: C. 53.78; H, 8.45 


73 


-OCW, /"°~^ tOCHlCHl>jOCHl 
~ \^ COCHiCHjhOCH, 


60% 


^ttflS: C. 54.30; S. 65 
ft**: C, 54.33; H. 8.61 



[0 0 4 7] 



so [^SiSflflj7 4] 



(17) &I3I2 0 0 3-4 0 9 9 8 

31 32 

Ht4 0] 



r a + gg r 

H\ 1 




R 8 (CCH^Hjk-OH 



10 



[0048] wie— jfiffy i tmrnttmr^yiSfo** 

l H NMR(CDCh) (5 (ppm) 0(s. I2H) , 0.41 (in, 8H) . I 
(m. 8H), 3.30(t, 8H) ,3 .4*- 3 .9(m . 116H) , 5.20(s. 
H). 7.0— 7.5 (m. 20 H) ;7C*#*f*»tt : C 58.34%. 
8 7656 (StSffi : C 58 .04%. H 8 .59%) 
[0 0 4 9] Hut2-^>^»* s *«8tcBSSSnfc3Kny 
Mfc^tt*' <9 ^ - a > 1 £ % ic rc £ / —A ic 



.54 
8 
H 



ffllt>6nft*U if-U>^iJa-AO»?fltf3 5 0<D 

LTRfflf*, t Hn*i/>Pai*)«*teB«*nfc#n 

! H UMR(CDCh) 5 (ppm) 0(s, 12H) , 0.41(m, 8H) . 1.54 
(m. 8H) . 2.80(br s. 4H) , 3,30(t , 8H) . 3.4-3.9<m, 
116H) ;S*#WSHMi : C 51 .02%. H 8 .64% (ftffffl : C 
50 78% H 8 .98%) 

[0050] nmm7 5 

[<t4 1] 



20 




[0 0 5 1] 5fe«fctert-y*-A»tfB»Snft*ny 

> tc te rt- ttjvmtf mms n it* u 7 >(n= 

7.2, Mn=350)fc-r h^^S^U-r h^^P^Vt 
OtFn^U ;WfcEfS*a &T«iSLfce 

>H NMR{CDCl3) 8 (ppm) 0{s. 12H) . 0.41(m, 8H) , 1.30 
(s, 16H) P 1.54(01. 8H).3.30{t. 8H) . 3.4— 3.9 (m. 116 

h) iTtmftVimxkm: c 54.51%, h 9.47% mwm = c 5 

4 74% H 9 .60%) 40 

[0 0 5 2] £0<fc3U:LT|S!J6Sftft:, 5ftfBfctert- 
7^H#Ift?ftft* 4 NOH C 1 7jci886# 



1 0 %fflUkremfr*SftitT:H f tcigfr Lfcit. 6 0 °c 

T? 5 BS J$ LTtert— 7 ^/t/S% tVulris ;V& \C Sf 
*fcNaHCOs7j<iSaTf2lHlW±iSfe#U Mg 

SIHbT6 8%<OlR*7»*«Wt Kn*S//l/gfcB«S£ 

[0 0 5 3] 
[ft 4 2] 



H „ 

CH 5 -& 6 

H CB, 



+ 4 ROH 



[Mitt] 



RO s ? H * OR 

sUo. / 



4H a 



[0 0 5 4] 2, 4, 6, 8-fh7^f;^Df h so 5^D**y{ 1 Ownul) £7/1/3— M4 Ommo 1)^7^ 
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33 



34 



^,=r[cja#bfc^, h/l'^>5 0 m 1 icmmLrno KJS 

— 1, 3— ^W— 1. 1, 3, 3-f F5^f;l/->* 
•>D^>»/+->L'>(3nig)^U fg^KJC 



fc-rs^KSJtfU K{t&ft*flfc. 

[0 0 5 5] H«fiW7 6-8 0 







OR 






/u 

77 

? 


rc, OR 
s-o. / 

O' SI-CH, 
CHj-SI b 

i o-sr 
RO / v v 


n id.v nrir^" r 3v 


90% 


&&f&: C, 51.00; K, 9,14 
ITfffa. C, 51. 28. H, 9.11 




75% 


Slftd: C, 48.91; H, 8.93 
ttJMl: C, 48.63; H, 9.07 


78 


(OCHjCHaV-OMa 

_OCH 2 ( 

^-(OCHzCH^-OM 

ti=7.2 Mn*3S0 


86% 


SM: C> 53.30; H, 8.34 
tt*«: C, 51,33; H, 9.11 


79 


M 

( 

M= — O-Si-OR 
1 


— {OCHjiCHJn-OW 
n-1B.3Mn-TSO 


81% 


mm: C. 45.19; B, 8,08 
frt#fiE: C, 44.93; H, 8.35 


80 


(OCHjCH^-OM* 

— OCH 2 ( 

n-7.2 Mn=350 


65% 


C, 44.77; H, 8.70 
frtSfS: C, 45.04; H. 8.35 



[0 0 5 6] mM$l8 1 



OK 



KDtt 



O" K* 



Ht4 3] 



1, 1, l^h'J-4-tKa*S/7x^x?^ (5 
g) ^y^n/V-;l/ (1 5 0ml) (cAn, 80t 
TSffUT^TiSfrbft:^ KOH (2. 7g) J&iS 

fc 0 <6«Lft*y9A« (l g) ^iSffKJS^lcAn, 
3 0ml ©5J;** L **/l/A7'3 Kld&frLfcft* ittifiT 
4. 7 gOX^»**S/K*»ftJU K*Sffl***i:T 



p 



40 



8 0'C , ?3PMBEJEa*fco mfitc^SPLftf^ ttK* 

TtMftmnmm - c 60,12% h 8.20% mnm: c 59.89% 

H 8 .43% , n=8) 

[0 0 5 7] 8 2 

[ft 4 4] 

CH s ,C-^^-(CCH^H) & *-OH ^ 



*^>l^t)»^DHU'^>'H (6, 2g) ^ 



50 



T^tfSflUfcfifi : C 65,25% H 9.48% (Itffffi : C 64.99% 
H 9 .60% , n-8) 

[0058] nmm s 3 

[ft 4 53 
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35 



36 



O-JC* 



jMtS'K (Z. 4g) «$/bnLTll$nE££-&ft&, 
yneix>3j-^H (3. 1 g) fcj&bnLTlRdSfttex?- 
y>***/ YtfuM Ktfi*«ftft*ny 
>*£j£Lfto e<^H{fci:L<T6 0 %<0i&^-et#ft o 
7£SS^«tHKM: C 63.01% H 9.31% (SUMS: C 62.72% io 
H 9.08*. n=4) 

coo5 9] $&m\ • %&fflm 

T G A J&fflV ^T»lt£ UT H l\cmt „ B 1 fc * 
tltf, *»#©ffc*«»tf2 0 0-4 5 OlCfOfg&iEHT 

#y 7^u>*+> K*ay>-a:fiK*ttJeawo» 

ft ttsH y •Y 5 K©«fc 3 tc 4 5 0 tf»itfEC 6 so 
[00 6 0] HM0| 2 : JH«f A tf»a**K 



T**tftsKay>**4r5. 1 0, 2 0, 3 0li% 
8&nLTB6£-Jgi«*Stfau cft*^ yn>«>x^}c[Hi 
^LT3-f^^"l, 2 0 0 0 CT®{t:£-£ft o * 
oft, iStoSftftrfoyyii^K « ?S«T'S 5 
4 5 0 1 * t? 1 0 , C/#<IMfiB'CJ?i5 U 4 5 0 1 T? 1 
BSIBfflCiBLfc. «3BSn«:WI8(0+>'SR?LOfl5BE*««K 
T*fcfc£;tiE*?»«*tt"*?»rffi*IHajU KfflQ^fi 

m^sita^ (s em) ^s%ia2J:03 turswu 
ft 0 s EM¥S«ctiv>T±s)— ammtfimztiziD-e. 

ft*, «#awa+*y*-^tf^xwTii:jec9, 

HUXTcO^ltf^lSLftC fctffc**. 
$ft. xy^v* hy-?«M©BW**a»*i,fctt 
it. *a vo^inftA^tiip-r S K £ ffl»f*#tt« UT 

*f*fcH-»*tlft jRa***<oa 9 ICtkTc 
[006 1] 





o mm% 




10 11% 


20 11% 


so as* 




1.39 


1.363 


1.355 


1.333 


1.305 




a x 


6 % 


s & 


13 % 


18 % 



30 



[0 0 6 2] 

(i) Ta*n**»*dH#y7**u>**i/ 

KttfllttttHBAtf 2 0 0~-4 5 0*CT% fg^mttffi^ 



[0 2] ^ts§y^yy;w*b>'^-^v'K5j<a'? !, >'^ 

1 osa%-&wsnft5Ky -i^ws^t*****}-^ 

E*4 5 01CT2 H$iaiAsaLftft«3{«S(DRfrB SEM? 

[0 3] 'J 7M KiHny^ 

2 0S3%£H2nft#y ^^V-^HrX^^Vii 
M^r4 5 0'C-?2B$F f gSagLft&©f$Bg<E>WiffiS EM? 



^2 00 3-4 09 9 8 
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(51)Int XI. 7 

C 0 7 C 69/708 
69/74 
69/76 
69/96 
C 0 7 F 7/21 
C 0 8 G 65/26 



mam 



F I 

C 0 7 C 



C 0 7 F 
C 0 8 G 



69/708 


Z 


69/74 


Z 


69/76 


Z 


69/96 


Z 


7/21 




65/26 





T-73-K 

5 G 3 0 5 
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C 0 8 J 9/02 
HO 1 B 3/45 

HOI L 21/312 

// C 0 8 L 71 :02 



C F J 



C 0 8 J 9/02 

H 0 1 B 3/46 

HO 1 L 21/312 

C08L 71:02 



C F J 



D 

C 



(72)S£fB« 4 

j^m&m ■7 L i?a> i?a> 

^y-vy x^x# r^—v^yv 

510-1103 

(72)5EKS By? 

JzU&m y zLyy~5 -yyy 

y-Yy ieo-1 /\y?—ji> 7^— 

(72) aw* *j*->9 

*»SH *i>*a F- *a 

> ay^y-Fy 495 

1 -407 

(72)MWS Vy uy^y 

302-1402 



(72) «W* y* u-w* 

y-F> 7^— h^^h 

106-903 

(72)«W* 

^cSSH v^V y— — * 

*-4H> 104-6 /^>-StzL>^-f 
^7 X-f-304 
(72)«BIS i/a. 

*sssa y^v y>K>-# 

— 102 

F£— 4F074 AA76 CAI3 CC04Y DA03 
DA12 DA47 
4H006 AA01 AA02 AB78 AC48 BJ50 
BP 10 CN06 GP03 KA06 KC20 
KC30 

4H049 VN01 VP04 VQ87 VR22 VR42 
VS87 VT17 VT40 W02 VW01 
4J005 AA04 AA21 BD02 BD03 BD08 
5F058 AA10 AC03 AC10 AF04 AG01 
AH02 

5G305 AA07 AB10 AB24 BA09 BA18 
CA13 CA26 CA37 CA39 CD20 



